The role of arthropods in the indirect transmission of giardiasis has been long suspected but little investigated. A polymerase chain reaction (PCR) assay specific for a heatshock protein (HSP) gene of Giardia lamblia (Lambl, 1859) was used for the direct detection of G. lamblia DNA in house flies (Musca domestica L.) captured in two towns in Aragón (Spain). Six hundred flies were captured and clustered in groups of ten, and each group was processed separately. An amplification product of the expected size (163 bp) was detected in 13 of the 60 groups (22%).
domestica L.) captured in them were selected and crushed in a mortar in groups of ten; each group was resuspended separately in 4.5 ml of PBS. Approximately 200 µl of the suspension, 900 µl of L6 lysis buffer (10 M guanidinium thiocyanate, 0.1 M Tris-hydrocholoride pH 6.4, 35 mM EDTA pH 8, and 2.6% (w/v) Triton X-100) (Boom R., Sol C.J.A., Salimans M.M.M., Jansen C.L., Wertheim-van Dillen P.M.E., van der Noordaa J. 1990: J. Clin. Microbiol. 28: 495-503), 60 µl of isoamyl alcohol and 0.5 g of 0.5 mm diameter zirconia/silica beads (Biospec Products, Inc., Bartlesville, Oklahoma) were added into 1.9 ml Eppendorf tubes. The tubes were then shaken in a MiniBeadbeater (Biospec Products, Inc.) for 2 min at maximum speed, left at room temperature for 5 min and centrifuged at 12,000 g for 15 s. The supernatant was transferred to another tube, to which 40 µl of coarse activated silica suspension (Boom et al. 1990, op. cit.) were added. The suspension was then mixed in a Vortex mixer and allowed to stand at room temperature for 10 min and, after centrifugation (as above), the supernatant was discarded. The pellet was washed by centrifugation, twice with 200 µl of L2 washing buffer (10 M guanidinium thiocyanate, 0.1 M Trishydrochloride) (Boom et al. 1990, op. cit.) , twice with 200 µl of ice-cold 80% ethanol, and once with 200 µl of acetone. The acetone was discarded and the pellet dried at 55ºC for 5 min; 100 µl of water were added and, after vortexing briefly, the tube was incubated at 55ºC for 5 min. It was then centrifuged for 2 min at 12,000 g and the supernatant was transferred to another tube.
In a second phase, the nucleic acid sample was treated with polyvinyl pyrrolidone (PVP) to remove potential inhibitors of the PCR (Young C.C., Burghoff R.L., Keim L.G., MinakBernero V., Lute J.R., Hinton S.M. 1993: Appl. Environ. Microbiol. 59: 1972 Microbiol. 59: -1974 . A 50 µl aliquot of the extracted sample was added to 150 µl of PVP-TE (10% (w/v) PVP (Sigma) in TE buffer), mixed and incubated at room temperature for 10 min. The DNA was then selectively precipitated with isopropanol (Sambrook J., Maniatis T., Fritsch E.F. 1982: Molecular Cloning: A Laboratory Manual. Cold Spring Harbor Laboratory, Cold Spring Harbor, pp. E.10-E.15), 100 µl of 2.0 M ammonium acetate and 600 µl of isopropanol were added, mixed well and held at -20ºC for 30 min. The tube was centrifuged (12,000 g for 10 min) and the supernatant fluid discarded carefully with a pipette. The precipitated DNA was dried with hot air and then reconstituted in 50 µl of TE buffer and stored at -20ºC (Lawson A.J., Linton D., Stanley J., Owen R.J. 1997: J. Appl. Microbiol. 83: 375-380).
The primers selected for the PCR were GLC-1 (5'-AGG GCT CCG GCA TAA CTT TCC-3') and GLC-2 (5'-GTA TCT GTG ACC CGT CCG AG-3') (Abbaszadegan M., Huber . PCR amplification was performed in 100 µl total volumes, which included 10 µl of extracted target DNA in 1× PCR buffer, 1.5 mM MgCl 2 , 0.1 mM of dNTPs, 15 pm of each primer, and 1.25 units of Taq DNA Polymerase (Sigma). The tubes were subjected to 40 cycles of 94°C for 1 min, 55ºC for 1 min, and 72ºC for 2 min, followed by a final extension at 72ºC for 10 min. A 15 µl aliquot of each PCR product was examined in a 1.8% agarose/ethidium bromide gel and photographed using ultraviolet transillumination and Polaroid Type 52 film.
Six hundred flies were processed. An amplification product of the expected size (163 bp) was detected in 13 of the 60 samples (22%) (Fig. 1) .
The role of arthropods (flies) in the indirect transmission of giardiasis has been long suspected but little investigated; we have found only three works related to the subject. Khan and Huq (1978, op. cit.) found Giardia cysts in 6.2% of 90 groups of 25 flies captured in Dacca, Bangladesh; this prevalence is lower than ours (22%), but PCR is more sensitive than microscopic examination. In Poland, Kasprzak and Majewska (1981, op. cit.) , examining wet mounts stained with 1% eosin, did not find any Giardia cysts in 308 flies of seven species, although they did find them in four out of 50 Periplaneta americana cockroaches (one nymph and three imagoes). Sterling et al. (1987, op. cit.) detected Giardia cysts by immunofluorescence microscopy in and on flies in an urban slum in Lima, Peru.
In conclusion, our data support the hypothesis that house flies can play a significant role in transmission of giardiasis.
